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In the complex fight against global poverty, we rarely come across a gamechanger, but we have one now. The digital connectedness that has enveloped our planet is proving transformative for those working in international development. New ways of collecting data, sharing knowledge, exchanging money, and connecting people have created the potential for radical change in how we work to improve the lives of the poor. From crowdfunding microfinance, to SMS-enabled crop disease mapping, to citizen journalists broadcasting from conflict zones, digitally enabled networks offer opportunities to address old problems in new ways. The widespread use of mobile phones by the poor has brought greater access to information and services, as well as important efficiencies through improvements in communication.
In the past we often have failed, however, to employ information and communication technologies (ICTs) in ways that have sustainable, scalable impacts on the poor. The ICT for Development (ICTD) field has been steered by a combination of technophilic fervor and academic analysis, with insufficient attention to on-theground realities, business models, and an understanding of how people in developing countries value and use technology. Now a growing number of skeptics caution that the enormous potential for ICT-driven change that excites those working in international development may be far from the reality that materializes among the potential impact for ICTs in the near future will be found not by networking the poor directly but by networking the intermediaries that serve the poor, such as CHWs.
This is not to detract from critical efforts, like those of the Alliance for Affordable Internet, to reach poor communities with inexpensive connectivity. 8 In time, we will be able to engage the poor more easily in networks, bringing about even greater opportunities for international development. The combination of large youth populations and growing numbers of digital natives in developing countries will result in a generational leap in lowincome communities, where younger users will network very differently from their parents. 9 Over time, the differences between the two types of networks will also be diminished by the advent of new technology. There are good questions to be asked about the impact of very cheap smartphones in developing countries and upgrades to 3G in rural networks that enable more widespread mobile access to the Internet.
The language used above implies that networks are created and maintained by the non-poor with the aim of engaging the poor. This is predominantly the reality in international development. Technologies intended for use in poor households to improve their livelihoods are still most often invented, designed, and developed without much engagement with the people who will use them. But this is changing too. Innovation, especially in digital networking applications, is increasingly taking place among entrepreneurs in developing countries. It also is becoming more broadly accepted that products and services have a much greater impact if users are engaged in the design process (i.e., demand-driven innovation 10 and humancentered design). Perhaps in the near future, stories like that of the rural Mexican village that launched its own mobile network will no longer be regarded as marvels of ingenuity among the poor but as commonplace examples of practical innovation.
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Even with all of these changes on the horizon, it is still valuable to distinguish networks that engage the poor as direct participants from networks that serve the poor.
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We have learned that focusing solely on giving the poor access to technology is not sufficient.
The technology itself will not reduce poverty. We need instead to understand how human beings, organizations, and things, when connected digitally into networks, can improve the lives of the poor.
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innovations / The Dynamics of Development A LONG WAY IN A SHORT TIME Before considering the current landscape, it is worth looking back through the incredible changes in digitally enabled networking that have occurred in developing countries. The progression can be seen as moving through four eras. The first era of connectedness was web-based. Internet enabled networks were formed among individuals and institutions, giving them the ability to share data, information, and knowledge. These web-based networks existed primarily in developed economies and cities. The impact of digitally enabled networks in international development during this era was focused on people and organizations that served the poor (NGOs, foundations, policymakers, academics). The reach of Internet connectivity was defined by geographic, cultural, technological, and economic constraints. In poorer and more rural parts of the world, people and organizations for the most part remained without the means to connect digitally. Cultural and language barriers, lack of electricity, and many other factors doomed early attempts to bring web-based networking to poor communities. The telecenter movement that garnered significant investment during the 1990s is now seen by many as a failed model. 12 Early deployments of mesh-networking faced a similar uphill battle, and a read through the early design challenges of Nicolas Negroponte's XO laptop intended for use in low-income communities gives a good sense of the difficulties in this pre-mobile, web-based netSara Boettiger
Figure 1. Mobile Broadband Subscribers per 100 Inhabitants in Developing Countries
Source: United Nations ITU Statistics, World Telecommunication/ICT Indicators Database 2014 *Estimated working era. 13 This was also the era in which the term "digital divide" was coined, reflecting the division between segments of the global population with access to networked computers and those without.
A second, more inclusive networking era arrived when mobile phone use began to soar across the world. Even in very rural parts of many developing countries, mobile phone network coverage rocketed. By 2012, for instance, poor countries like Haiti and Yemen boasted 80 percent mobile network coverage. 14 Although the growth in 2G network coverage differed widely across countries and between rural and urban areas, the mobile phone spread during this era at an unprecedented pace and connected many previously disenfranchised populations. 15 We are now primarily in the third era of digital connectedness in international development, the one that has brought innovation in mobile phone apps, plummeting prices for smartphones, m-commerce, m-banking, tablets that we use in the field and the office-in general, an extraordinary expansion in the functionality of the mobile phone. In this era, networks and phones are changing especially fast. Mobile phones connected to 3G or faster networks have become workhorses of productivity. Figure 1 shows the growth of mobile broadband subscribers per hundred inhabitants in developing countries. Powerful new tools with implications for the global poor-from mapping water quality across a country's wells to performing a pen-side diagnosis of livestock-have been built on the platform of the mobile phone. Analysts are discussing the impact of smart phones that cost US $25-$35. 16 Also driving this era of digital connectedness in developing countries is a population shift toward the young that portends even greater digital adoption and innovation in the near future. In Africa, youth currently make up 37 percent of the workforce, 17 while China, India, Brazil, Mexico, and Vietnam are all in the ten countries with the largest percentage of digital natives. 18 A fourth era of connectedness in international development is well under way in many countries. This era is characterized by adapting the technologies that created the Internet of Things to improve our ability to tackle global poverty. 19 Networked sensor technologies, for example, which radically changed how business was done in developed countries, are beginning to change data collection in developing countries. When integrated with advances in remote sensing, unmanned aerial vehicles, and other innovations, they create enormous opportunities for developing country data collection. The falling cost of collecting, combining, and analyzing larger amounts of data from multiple sources will begin to shift a critical constraint in international development: our inability to collect data that is timely, accurate, and cost-effective.
MORE MOBILE PHONES THAN TOILETS
In the four-plus decades since it was invented, the mobile phone has transformed our planet. Adoption of this technology has jumped economic, social, geographic, and cultural borders. The lives of people in developing and emerging market innovations / volume 9, number 1/2 129 130 innovations / The Dynamics of Development economies have been significantly changed by the "mobile revolution" that offered a leapfrog advance over fixed landline structures. Mobile networks now reach far into poor rural areas in developing countries. In fact, in eight of the ten poorest countries on earth, the percentage of people with phones outnumbers those with access to toilets. 20 The number of mobile phones in Africa is predicted to rise to nearly one billion by 2019, 21 and sub-Saharan Africa has the fastest subscriber growth of any region, with penetration currently at just under one-third of the population. 22 For many reasons, the mobile phone deserves its place among the most influential technologies of all time for developing countries. However, the empirical evidence documenting its impact on poverty remains a mixed bag, and some would argue that the optimism of mobile evangelists in international development warrants tempering. A more complete evidence-based understanding of the constraints that limit the mobile phone's role in improving education, health, nutrition, and household income among the poor is needed to inform future investments, programs, and policies. In this section, I present a patchwork of evidence gathered on the current realities of network coverage, access, ownership, and teledensity in developing countries. Voice and text message networking are considered, followed by Internet-enabled networking. I then identify a variety of issues that constrain the networking models of our first category of networks-those that engage the poor directly as participants.
Access, Ownership, and Use by the Poor
For mobile-based networking that uses voice and text messaging, global network coverage is excellent. Gaps in access to 2G mobile networks are fading fast. The International Telecommunications Union (ITU) estimates that only one in eight rural residents across the globe currently do not have access to a mobile network; in 2003 that figure was one in two. 23 Mobile network operators have long cited the cost of fuel for powering towers as a key constraint in the expansion of mobile networks into rural areas where the electricity supply is intermittent or absent. Rotberg and Aker report that in 2008 one Nigerian mobile provider burned 450 liters of diesel per second to power 3,600 base stations in regions, 24 and there are estimates of African tower operators losing up to a quarter of their diesel to theft. Pankaj Kulshrestha, CEO of the African cell tower company Eaton Towers, said this year, "If you wake me up at 2 am and ask me what I am thinking about, the answer is power." 25 Evidence suggests that deploying renewable energy options for off-grid towers would save US $200 million per year across Ghana, Cameroon, Nigeria, and Senegal, but unless the cost of solar relative to diesel shifts, the adoption of green alternatives is unlikely to be widespread. 26 Many mobile network operators are experiencing dropping revenues in urban markets in developing countries and thus are targeting markets for new subscribers in rural areas. They are meeting infrastructure challenges in diverse ways.
Rural infrastructure investment, however, may compete with the comparatively more profitable investment in upgrading urban networks for increased data traffic, and critical parts of spectrum policy and regulation are still constraints in many developing country markets. 27 If most people on the planet already have 2G network coverage, the obvious next question is, how many people in low-income communities have access to or own mobile phones? In India, 2014 statistics indicate that more than 75 percent of the population in all but three states have access to a mobile phone. Some difference in access across urban and rural populations was reported, but gender differences in access to mobile phones were not significant. The same survey, however, collected data on the ownership of mobile phones and found big gaps. In India, men on average are more than twice as likely to own a phone as women, and urban residents are three times more likely to own a phone than those living in rural villages. 28 Sub-Saharan Africa has the lowest ownership, with an average unique subscriber penetration rate just under one-third. 29 Teledensity numbers that document mobile subscriptions are often used by international development practitioners, but these numbers tend to be skewed by people who own multiple phones or multiple SIM cards, allowing one user to access more than one network. Saudi Arabia's teledensity, for instance, is 176 percent. 30 Teledensity can over-estimate the number of subscriptions. Unique subscriber penetration rates, however, can under-estimate the number of mobile innovations / volume 9, number 1/2 131 innovations / The Dynamics of Development phone users in a developing country because devices are shared in poor households.". If we look beyond voice and text messaging to examine the use of the Internet among the poor, a very different picture emerges. Even though more people around the world are accessing the Internet than ever before, many through 3G mobile broadband connections, mobile coverage in developing countries is still predominantly 2G. 31 In terms of accessing the Internet, both rural households and women remain disproportionately unconnected. In 2014, the ITU noted that the percentage of rural populations served by 3G networks in developing countries is "extremely low."
32 Due to infrastructure challenges and the socioeconomic characteristics of the customer base, 2G connections are expected to dominate developing country markets at least into the near future.
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Even though smartphones are getting cheaper (in the past three years, shipments of smartphones under US $100 have increased 25-fold), 34 smartphones and broadband are still too expensive for most of the world's poor. The Alliance for Affordable Internet studied 46 countries and concluded that, for people living on under US $2 per day, the cost of basic broadband in 2013 averaged 40 percent of their monthly income. 35 Vodafone's 2014 survey across five developing countries examined the relative costs of a smartphone and mobile broadband access as a percentage of average monthly income for women living under the US $2.50-aday poverty line and found the cost of smartphones is prohibitive (see Figure 2 ). 36 A 2012 report by Intel found that across developing countries nearly 25 percent fewer women had access to the Internet than men; in sub-Saharan Africa, the gender gap was 43 percent. The same report noted that, in India, 20 percent of women interviewed believed the Internet was not "appropriate" for them.
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In a field as fast-moving as mobile telecommunications in developing countries, summaries like this can become almost instantly out-of-date. While industry analysts suggest that cheap feature phones and 2G will constrain networking among poor households for the foreseeable future, it is possible that recent initiatives by Google, Facebook, and others to increase Internet use among low-income and rural markets in developing countries may change the landscape. Google's Project Loon, which deploys high-altitude hot air Wi-Fi balloons to extend Internet access to previously unconnected populations, is an innovative idea, but it seems vulnerable to the challenges of a global shortage of helium. 38 Facebook recently launched Internet.org, and subscribers in Zambia now can access Facebook, Google, Wikipedia, and other services without paying data charges. 39 Acquisitions by Facebook indicate the company's further movement into the developing country Internet space, including innovations to sidestep expensive data plans. For example, Facebook acquired Pryte in 2014, which allows people to purchase mobile data on a per-app basis with a single click. 40 
Designing for Voice and Text Messaging
Networks that connect poor households have so far focused primarily on voice or text messaging. The data cited above-the lack of access to 3G networks and pro-hibitively expensive phones-support this. But the reasons behind slow adoption rates for networking media other than voice or text messaging go beyond questions of network access and price. Illiteracy, multiple local languages, and limitations in technical understanding also play a role.
Anecdotal evidence from international development practitioners for years has suggested that voice is the most dependable medium for reaching poor households, even over SMS. While working in areas of Sierra Leone with low literacy rates, for example, Ormel et al. recorded a female client talking about her interaction with the local community health worker: "I do not receive text messages because I do not know how to read. I can only receive calls. I cannot even make the call myself. My brother usually helps me out." 41 Some studies have provided empirical evidence comparing voice and text messaging. Medhi et al., for example, found that in healthcare applications of mobile-phone networking a live operator delivers results that are up to ten times more accurate than text-based interfaces and that user interfaces requiring text are "unusable by first-time low-literacy users, and error prone for literate but novice users." 42 Whether via voice or text, the concept of networking without users directly accessing the internet is far from the usual image that comes to mind in developed countries, but this is currently where the innovations lie for digitally enabled networks that engage the poor as participants.
India is a good case study. Thirty different languages are spoken there by more than a million people each, and one-quarter of Indians are illiterate. Until recently, even subscribers using Hindi, the country's most widespread language, found it difficult to text. Users had to work with a 12-button keypad to produce the 33 consonants and 11 vowels of the Hindi language. WhatsApp, however, added support for Hindi in 2014, 43 and a number of standalone language-support apps have recently become available. 44 As demand rises among rural mobile users, even better solutions to the challenges of multiple languages and illiteracy will become available.
Evidence is building slowly to assess the impact of networking models based on voice and text that engage the poor as participants, but there is still a need for investments that help us refine our knowledge in this area. Studies indicate, for instance, that text message reminders of adherence to treatment for HIV and tuberculosis have positive results. 45 In other applications, though, limited impacts and failures in adoption have been documented. Burrell and Oreglia, for example, offer insights into the failures of ICT-based provision of market information to the poor. 46 A different kind of evidence is emerging from the explosion of rural commercial marketing in mobile text and voice. Hindustan Unilever Ltd., for example, began a marketing campaign in 2013 that targets poor rural households with marketing messages combined with free music over the phone. In the first five months of the campaign, eight million listeners subscribed. Even though we know very little about how digitally enabled networks impact global poverty, we nevertheless need to keep investing in, and implementing, international development programs that depend on mobile-based networking. A beginning step is to simply catalog the mechanisms through which digitally enabled networks have an impact on global poverty. Acknowledging that it only scratches the surface of this broad topic, this paper offers a rudimentary framework of five mechanisms.
Improving the Efficiency of Existing Programs
Perhaps the most obvious impact digital networks have on the work of international development lies in their ability to improve the efficiency of existing investments by lowering costs and allowing more effective targeting of resources.
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Bananas
Ugandans eat more bananas than anyone on the planet. They are a staple crop on which the population depends. a So, when disease threatens the country's banana crop, it is serious business. Banana bacterial wilt is one such disease. It spreads fast and can cause total loss of a farmer's crop within a year.
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In March 2013, a UNICEF network of more than 195,000 volunteers across Uganda was sent a message on their mobile phones: "Do you know any farmers whose banana plantations or crops are infected with banana bacterial wilt disease? YES or NO." Twenty-four hours later, 35,000 responses from the Ureport network enabled a mapping of the area impacted by disease. Those who responded positively were sent critical information for containing the disease: "To control, avoid moving infected plant, break male bud, cut infected plants, clean cutting tools using jik or flame. (1 JIK: in 5 water.) Tell someone you know."
This network for crowdsourcing information and disseminating data cost 3 U.S. cents per person. Lyudmila Bujoreanu of the World Bank notes, "What Ureport made possible was not only information dissemination or data gathering, but a nationwide conversation focused on a critical issue for Ugandans." Networks can also provide services themselves, often in areas where traditional development models have failed. For example, UNICEF's Ureport network in Uganda allowed the rapid creation of a cheap map showing where a particular crop disease existed in the country (see text box, opposite page). 48 By knowing where the disease was showing up, the agencies providing services were able to allocate resources more efficiently. The network also used text messages to disseminate farming advice on how to manage the diseased banana crop. Smallholder farmers in many parts of the world now get information about crop management, weather, and market prices by networking with their mobile phones.
There are hundreds of crowdmapping sites like Ureport, which offer geographic insights into poverty issues. Some are platforms used to map feedback about diverse issues, from human rights to post-disaster relief to election violence. Crisis Mappers and Ushahidi are well-known examples of how building replicable platforms for digital networks can eliminate technical barriers and spread models globally. These platforms typically work across mobile-and web-based applications by analyzing geo-referenced data. Crowdmapping has been recognized worldwide for its impact on poverty. In 2014, Ory Okolloh, who helped create Ushahidi, was named one of Time magazine's 100 most influential people of the year. 49 As these networks have taken off, we also have seen a healthy measure of caution surrounding the accuracy of the data and its utility. In the Ushahidi Haiti innovations / volume 9, number 1/2 135 
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innovations / The Dynamics of Development project, Tufts researchers created a map for first responders in the weeks following the 2010 earthquake using tweets, texts, and other sources of networked information. The hypothesis was that a contextualized post-disaster map, improved with on-the-ground information, would help responders know where healthcare services and food aid were needed. In later analysis, however, the research team could not document that it had been helpful to the mobilized aid agencies and NGOs operating in the disaster zone. 50 Education is another area where digitally enabled networks can provide cheaper and more effective services for the poor than traditional models. Although literacy rates are slowly falling worldwide and the number of children attending primary school is rising, progress is not fast enough to meet the United Nations Millennium Development Goals. In 2012, 775 million adults on our planet still lacked the ability to read or write, and more than half the child population in four countries never attend primary school at all. 51 For poor households, the costs of tuition, books, and school uniforms are high and there is a loss in income when children are not available to work. Also, it is difficult to get teachers to come to very poor communities or to get them to stay.
There has been continuing innovation in networked solutions to improve education and literacy. Digital Study Hall is an older but still innovative program that was designed to educate children in slums and rural villages in India on a model that had been called a cross between Netflix and Kazaa (before Kazaa's demise). The program networks village-level untrained teachers to experienced teachers and communities that have access to a library of lessons. Local teaching is done through peer-mediation, where the village-level teacher is not required to know the material but is trained in how to keep the class interacting with the DVD lesson. Digital Study Hall leverages the talent of a small number of trained teachers and provides networking, curriculum, and training for an army of unskilled teachers. 52 While many innovations in education for the global poor are being developed, bridging the multiple media of video, web, and mobile phones, recent data also suggests that just owning a mobile phone may increase literacy. In a study of more than 5,000 Africans, 53 62 percent are reading more than before they had a mobile phone. One-third of those surveyed said they read to their children from their mobile phone. 
Expanding Resources Available to Fight Poverty
A second way digitally enabled networks are changing how we fight poverty has to do with expanding available resources. Capital now moves across borders more fluidly than at any time in history. While most of this traffic is via financial institutions, there are a growing number of networks that operate outside of the usual financial channels."
Peer-to-peer digital networking, for instance, has fundamentally changed how we transfer money. Crowdfunding is one example that has exploded in the United States, where sites like IndieGoGo and Kickstarter have successfully raised capital across distributed virtual networks. Total crowdfunding transactions in 2013 were estimated to be US $5.1 billion-almost twice the total for 2012. 55 Currently donations or loans can be made, but equity investments are not possible. Some analysts talk of a further explosion in capital once regulations have been updated to implement a 2012 law to enable equity crowdfunding, 56 while others believe that design of the regulations in the United States will prevent significant interest in this new financial vehicle. 57 Applications to international development will continue to be interesting either way. Nonprofit organizations are already using crowdfunding in innovative ways and many platforms are now connecting developing country entrepreneurs to crowdfunding communities. For example, in 2014 JumpStart Africa used Indiegogo to raise money to start its own Africa-based crowdfunding platform.
The effect digital networking has on remittances is another area where the resources available to address poverty in developing countries are growing. International remittances received by people in developing countries (the money emigrant family members send back home) are estimated to have tripled in the last decade. These flows of money are impossible to track accurately, but the World Bank cites estimates that are substantially more than the official foreign aid budget for some countries. For "fragile and conflict-affected" countries, remittances are believed to be more than five times larger than foreign aid, foreign direct investment, and other sources of international currency, and they can make up significant portions of a country's GDP. 58 For example, 31 percent of Liberia's 2011 GDP was reportedly from remittances. 59 The international money transfer industry is estimated to be valued at more than US $500 billion, and many changes are taking place in the areas of mobile wallets, peer-to-peer payments, and microlending services. Facebook, for instance, has been working for some time to enter the epayments industry, more recently including international money transfers. 60 The cost of sending money internationally is slowly dropping, but it remains high for remittances to sub-Saharan Africa (around 12 percent), and many South-South transfers are sometimes not possible because of capital controls on money leaving developing countries. 61 While many remittances are person-to-person transactions, networks also form among diaspora communities to coordinate financial and in-kind investment in their home countries. These networks often work through nongovernmental channels, funding the work of nonprofit organizations that deliver goods and services locally to low-income communities. They also create ways for people to coordinate in-kind contributions of skills and expertise that are of critical importance to developing and emerging market economies. 62 The 2012 
Digitally Networking Water
If I had had water, I could have grown anything except human beings, salt, and diesel.
-Ayelech Fikre, Ethiopian smallholder farmer
Poor farmers' lack of access to water for irrigating their land holds back efforts to reduce hunger and leaves poor households especially vulnerable to the changing climate. Only 6 percent of African agriculture is irrigated; a most smallholder farmers depend only on the rain to water their crops. This has big implications for the choice of crops they grow, and for the risks they take every farming season. Beyond irrigation issues, access to water for both drinking and washing have profound effects on health, yet 748 million people still do not have clean drinking water and 34 percent of the people on the planet do not have access to improved sanitation. Digital networking has a role to play in improving how well we use resources devoted to improving access to water. Imagine, for instance, a map of Africa's water resources that could help policymakers and aid agencies decide what needs to be done and where to invest. We are not there yet, but these networks can work on a national scale and have the potential for aggregation. FLOW software creates networked maps of water resources using on-theground geo-referenced data collected by people with smartphones.
c In Liberia, information about 7,500 water points was submitted from all over the country to create such a map.
Digital networks are also helping to address South Africa's water quality and water supply issues. In 2013, IBM created a crowdsourcing platform that allowed users to report problems with water pipes and leaks, as well as to generally comment on the delivery of water.
d In Indian slums, the poor have unpredictably long waits because the piped water they rely on flows only intermittently, with no warning of when it is coming. NextDrop is a platform enabling the valve men of a utility company to collectively report information about opening or closing valves and the repair of broken pipes. The information is then processed, and customers receive updates about water delivery specifically to their local valve through their own phones. tecture of cooperation that will allow us to invent, create, innovate, and solve problems together." 63 Other diaspora networks have been initiated by developing country governments, some would say with less success than private networks. Although diaspora bonds have been used as a financial instrument in India and Israel for decades, digital networks have enabled new opportunities to apply this tool in developing and emerging economies. The African Development Bank estimates that the 140 million Africans living in other parts of the world save up to US $53 billion a year, indicating the potential for investing that money back into their home countries. 64 Ethiopia, Kenya, Nepal, and the Philippines have issued diaspora bonds and as of 2014, Nigeria and Togo look likely to follow suit. 65 The success of the bonds is questionable, though, and highly dependent on national institutions, politics, and the diaspora's relationship with their home country government. 66 The jury is still out on how to structure a bond to capitalize most effectively on the diaspora network, balancing patriotic sentiment, anti-corruption measures, and financial risk. 
Improving the Impact of Policies on the Poor
Digitally enabled networks also have the potential to affect the poor by changing the way policies are made and implemented worldwide. This works in several ways. First, digitally enabled networks have created the greatest potential ever for disenfranchised populations to be heard within the halls of government. For example, in preparation for President Obama's 2014 U.S.-Africa Leaders Summit, 4,500 Africans across nine countries were surveyed by SMS to find out whether the "priorities of the people line up with those of their leaders." 68 Digital networks can be designed to deliver powerful policy messages from ethnic minorities, women, communities with low literacy rates, and low-income populations, but developing good survey methodology for reaching out to a new population with new media will be critical. One poll received 1.2 million text messages cataloging people's hopes and fears for a better Congo. Posted online, they make interesting reading, 69 but without further analysis or a better constructed survey, the data are likely to have only a limited influence on policy.
Another initiative has been designed more specifically to bring the voice of the poor into global policymaking. MY World is an online and offline United Nations poll asking people what their priorities are across health, safety, hunger, political freedom, education, and more. The purpose is to make sure the renewal of the Millennium Development Goals is informed by the opinions of people everywhere. Results are displayed in real time on the web, and the analytics allow the identification of priorities across country, gender, and age (see Figure 4 , opposite page).
The more than 3.6 million responses already gathered by this ongoing survey demonstrate an important set of constraints for digitally enabled networks reaching diverse populations in developing countries. Five times more responses were innovations / volume 9, number 1/2 139 gathered by ballot than through the website, and fewer than 13 percent of the responses were submitted by text message. Respondents who submitted a response by ballot or by the web were split fairly evenly by gender, but the gender split among those who responded by text message was 71 percent male and 25 percent female. 70 Some analysts have pointed to this as an example of how participation by gender varies across media, but the survey's outreach strategy will also have influenced these numbers. 71 Digitally enabled networks can deliver specific messages from the people a policy is intended to impact, thereby shedding light on how well a policy is work-
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In many countries, the poor depend on private vendors for their water, and supply can suffer from corruption up and down the chain, from utility provider to customer.a The result is that the urban poor often pay high rates for access to water. M-Maji ("mobile water" in Swahili) is a pilot platform designed by Stanford University students to connect water vendors and water buyers, which helps the poor to find the cleanest, cheapest water in their area.b As with most innovations in this space, it is hard to tell what will make an impact on the poor, but opportunities abound in the water space. ing or how it might need to be changed. President Obama's Malaria Initiative worked with the Ethiopian government to establish a mobile phone network that connects community health workers so they can readily document new cases of the disease as well as report when and where stocks of medicine are running short. The network helps the government understand how to manage its fight against malaria more efficiently and effectively. Dr. Joshua Yukich notes a problem with this initiative that is common to many digitally enabled networks in international development: "The biggest challenge is taking a rich source of data and translating it into something useful for community health workers and getting it back to them rapidly." 72 A third way that digitally enabled networks are improving policymaking is in their ability to foster transparency, ease of reporting, and public accountability. "I paid a bribe" networks have popped up all over the world, allowing the anonymous documentation of corruption (see "I Paid a Bribe ...." text box, next page). What was common but private knowledge about everyday corruption-from getting out of parking tickets to ensuring children's entrance into a particular school-is now becoming public. Many economists believe that transparency in areas like bribery can foster overall growth in the rule of law, which can have a profound impact on the robustness of institutions over time. Digital networks also are being used to crowdmap election fraud, serious crimes, human rights violainnovations / volume 9, number 1/2 141 
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innovations / The Dynamics of Development tions, and other data, collecting and making public evidence that can influence policymaking. Lastly, digitally enabled networks can impact the policy framework by bypassing government functions altogether. In some cases, networks provide cheaper and more direct ways to achieve policy results. For example, developing countries bear a disproportionate burden when it comes to counterfeit medicines. While wealthier countries capture counterfeit drugs at the border, low-income countries have neither the policies nor the resources to patrol their borders. For instance, an estimated one third of antimalarial sales in Africa and Asia involve counterfeit drugs. 73 Imagine the lives saved if, instead of ineffectively trying to stop the drugs at the border, you destroy the demand for them by allowing customers to ascertain Sara Boettiger I Paid a Bribe...
Networks have popped up all over the world that allow people to document the details of bribery anonymously. Most of these networks include people who admit to taking bribes, as well as accounts of payments, like this post from Zimbabwe: a hi, my wife was involved in a commuter bus accident near rusape on her way to mutare from harare on 24/08/2012 @ 15.00hrs, she had a broken arm, deep cuts on the head and elbows. police arrived at the scene and went through her handbag. they took abt $300, mobile phone, wedding rings, camera from her handbag, all gone. the people who are meant to enforce the law dipped their hands into her handbag. thank GOD my wife is alive and recovering well.
Swati Ramanathan and her husband Ramesh are credited with starting the first of these sites in India in 2010. They refer to the types of reports collected on "I Paid a Bribe" sites as "retail corruption"-the typical business "lubricant" found in most countries in the world. The real question, though, is whether these sites can catalyze change. Antony Ragui, who built Kenya's "I Paid a Bribe" site, b notes, "My real goal is to change just one government department and how it does business." There are a few examples of change and more may come. The Indian state of Karnataka, for instance, moved its application for driving licenses online in response to information on this network, and it also implemented ethics counseling for some senior officers. for themselves which drugs are real and which are fake. The text box on page 144 discusses text message networking platforms that are making this possible. Anticounterfeiting digitally enabled networks have also been applied in other sectors where the burdens of fake products fall on the poor. An estimated 40 percent of seeds purchased by Kenyan farmers, for example, are fake. 
Allowing the Voices of the Poor to Be Heard
There are many examples other than policymaking of digital networks enabling direct contributions from people who historically have been left out of national and international dialogues. Citizen journalism, through which voices of the poor literally echo around the world, has skyrocketed in importance. Networked individuals, often partnering with trained journalists or NGOs that make connections to media outlets, are providing better insight into the lives of the poor. These networks operate across multiple media, often mixing radio, video, SMS, and voice to get stories out both locally an internationally. IndiaUnheard, 75 for example, is a network of 45 "community correspondents" across 27 Indian states that represent ethnic, religious, linguistic, and sexual minorities. Through video, social networking, and text messaging, members of the network share their stories online and in a weekly news program giving the world access to stories from India's urban slums and its poverty-stricken rural villages. Citizen journalism across Africa is also growing.
Some have argued that mainstream journalism and citizen journalism are converging. While this may be true in developed countries, the roles of citizen journalists will remain critical to many poor countries without well-developed media and where much of the population has limited access to the Internet. 76 Other scholars have connected the development impacts of citizen journalist networks with pro-democracy movements, 77 but it should be noted that the ability to share stories among, and with, previously disenfranchised people around the world is a forward step for humanity that will have an impact far beyond the political sphere.
In addition to the poor using digitally enabled networks to get their stories heard on a larger stage, we are seeing networks that enable the sharing of information among the poor. This is particularly challenging, due to a lack of web access. Although videos are one of the easiest way to convey information in communities with high illiteracy rates, programs based on video as a medium challenges related to networking and equipment, as well as high costs.
Some initiatives, however, have proved incredibly effective. Digital Green creates networked sharing of agricultural practices in rural India. 78 By video-taping local farmers who are using innovative technologies or ways of farming and screening those videos in surrounding villages, Digital Green amplifies the usual patterns of information exchange among the poor and enables good ideas to have a much broader impact.
We also are making interesting advances in improving how we listen to the poor as customers. When designing products and services for very low-income innovations / volume 9, number 1/2 143
innovations / The Dynamics of Development markets, for instance, particularly where innovations are intended to have an impact on poverty, we have tended to work without good feedback from the users themselves. Historically, it has been expensive to engage the poor in product design. As companies increasingly find profits in rural developing country markets, however, the fields of product design and marketing are changing, driven in part by the ability to connect more easily with customers. A new ecosystem of mobile survey and polling companies, such as GeoPoll 79 and Jana, 80 have emerged with expertise in reaching poor households. 81 These and other changes will make it easier in the future to engage the poor in the processes of developing products and services."
Transforming How We Measure Poverty
Available data on poverty have historically been appallingly bad. Looking at time series GDP numbers for African countries, for example, reveals a 62 percent jump in Ghana's GDP in 2010 as it adopted more modern measurement protocols. This
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Counterfeit Drugs Affect the Poor Disproportionately
Policies, regulations, and the sheer manpower needed to stop counterfeit drugs from crossing borders are lacking in many developing countries. Global trade in counterfeit medicine is estimated at US $75 billion annually. led to Ghana being moved from a World Bank-classified "low-income country" to a "middle-income country." 82 In 2014, Kenya also moved to middle-income status through a revision of its measurement protocols, increasing its GDP by 25 percent. Measurements of poverty are especially prone to inaccuracy because we work with estimates, not real data most of the time. For maternal mortality, we have data on 16 percent of births and for malaria only 15 percent of deaths. Only 12 countries in sub-Saharan Africa have implemented a population census in the past ten years. 83 We often rely on international indices, like the Human Development Index (HDI), to measure countries' progress and allocate resources for poverty alleviation. In 2010, however, researchers studying the HDI found that if you took bias and data errors into account, up to 34 percent of the countries would be misclassified. 84 The HDI has since been revised to address these criticisms, but the fact remains that bad data are pervasive across many aspects of international development. 85 We depend on metrics for accountability in existing programs and assess- These results will be available quickly and provide critical insights. Asking these questions has a proven track record in the United States, where they helped to identify families that required government food assistance, and in Brazil to target its Bolsa Familia program (a conditional cash transfer program that incentivizes low-income families to send their kids to school and for health checks). innovations / The Dynamics of Development ments of future investments. Good data allow us to see whether our programs are having the intended impact, understand the interrelated complexities of poverty, and get closer to its root causes. In short, our ability to fight poverty on a limited budget depends on having good data. Digitally enabled networks, especially when they include remote sensing, wireless sensor networks, crowdsourcing, and other tools, are poised to make enormous positive changes in our ability to measure poverty. The cost of measurement should drop, we should have more types of data with better accuracy, and we should have access to the data without the long delays that currently characterize our data analysis in international development.
There are, of course, cautions to be heeded as we push forward with new methods of collecting, sharing, and analyzing data. We know that a more distributed collection of data requires system designs that work to ensure accuracy and prevent "gaming." New advances in methodology need to be adopted for surveys using mobile devices, especially where results are submitted directly by individuals through text message or voice recognition software. In business the accuracy and timeliness of data is balanced against the cost of collecting it, and there is a recognition that decisions are always made with limited information. This kind of thinking might be needed as we make our way through "data revolution" for international development to counter a kind of conservatism in the international development community that stems from political and reputational risk, as well as an academic, rather than a business-oriented, approach to data.
LOOKING AHEAD
Even though the dizzying pace of change in telecommunications technology makes it difficult to look very far ahead with any degree of accuracy, the international development field must plan for a future in which digitally enabled networks play a major role in our ability to fight global poverty. We might not have a roadmap, but we do have a few guideposts to provide direction. First, the work on global poverty driven primarily by the public sector needs to become even more integrated with the rapidly advancing private sector. There have already been missed opportunities, especially in the field of telecommunications, to collaborate with the private sector. As companies reach further to serve rural markets in developing countries, they are developing new products, market research, supply networks, and communication channels that could be assets for international development practitioners. Second, in a world where new ways of collecting and using data are increasingly determining a competitive advantage in business, the international development field should follow suit. This will mean investing in the adaptation of technologies for use in developing countries, as well as creating different public-private partnership models related to the access and use of data. Third, we need to fill major knowledge gaps in our understanding of how the poor value and use digitally enabled networks. The evidence we currently have is insufficient, and we seem stuck in an academically based knowledge model that often asks the wrong questions and takes too long to answer them. Looking ahead, a last guidepost in this field might well direct the international development community to prioritize investing in developing country entrepreneurs. More than any other technology field, startup models in digitally enabled networks lend themselves to the business environments found in developing countries. Enabling the current crowd of young, innovative, practical digital entrepreneurs from South Asia and sub-Saharan Africa to invent and implement solutions for their own countries' problems could be a big driver in changing how we use digitally enabled networks to fight poverty.
